An Analitical cache model by Fricker, Christine & Robert, Philippe
HAL Id: inria-00075066
https://hal.inria.fr/inria-00075066
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
An Analitical cache model
Christine Fricker, Philippe Robert
To cite this version:
Christine Fricker, Philippe Robert. An Analitical cache model. [Research Report] RR-1496, INRIA.
1991. ￿inria-00075066￿
 

		
 "!$#
%&(')*,+.-'+/0&(-(13254$&(46768-96:-(1;=<41(-(1>-?>@$AACB--(1;
D B-(1(-4E/
F -$+HG
I1J+08-(KL-91M>E*71+N&*POQ/MB-(1
RTS RTS RTUV WYX$Z[RTU Z[R\ZC] ^ _ `ba ^cU
degfihkjlihnm$oqpsrutdwvyxzr
{ e|h~}nhng0or5xrQ
oglNogfNo(g
 	

! #"%$! '&(*)! ,+.-(/1023 545 '667(*8:9<;7(/!$
=?>A@3=CBED7F<GHJILKNMOPF<O:QGRTSU!OVIS
WYX[Z\X7]V^_Da`1bc]V_dEeOEfgOVh?MILijf*kOVF<O!l7DmcnoI/MU!O
fgn?K'h?pqKTMOXrmn?K'UtsOunuvwKNMn?K'IX x#nVDZg<KyRyKTzzaOX[@wG{Oun%p.vwKTMnqK,IX x#n
 }|~L
<

 &$! #"676(1jA("t$o7a$o(/$! ,+/4w}9a(/4Y9E$o("t((/&+L(9(/9!
o(LC(/o(/&7+L(":<(1&(/u$!(;6!9<Y #"9(/4w #"P&(/a$o(/&7"% 59<&9:$o(+L9<&
$o 5&9<"Y9a(/46!969"t( 5&¡ r¢/£¤  &$o(J+L9<&$!(/$Y9&u+u '$!(+L$o!(P: 5$!¥+/<+u(/
}(/9<o 5("V0A(E(/! '¦(E&74'a$o #+/4C9!4#"C9<Y$o(E ,"!"$o 59&j$!(P(/a(+L$! '9<&
$o 5(§6(1 '&7"t$o!7+L$o 59&wY(A67(1$!(/"\9$!("t(¨C9!4#"o(Y$!(:+/+.(A"% 5©/(0$!(
;459+u-"t '©/(0$!("!"%9+L #$! 5¦ 5$%&7ª$o(4'9+/4' 5$%9$o(6o9<u«YY(J!("%67(+L$! '¦(
 '&a¬7(1&7+L("E9P$!("t(6u(/$o(/u"E9<&$o(67(/tC9!&7+L("E9­$!(u+u 5$o(+L$o!(}o(
&74'a©1(&7+L967o(: 5$o®$o(!("t4'$u";7"t(9<&¡$!u+L(/¤a! '¦(/&"% 54#$! '9<&7"V
¯ "t(9&j$o #"w9(/4?0Eu&a9<°(/&(/$!99$ou+L("w #"6!9<679"t(j$o9J"t$!a9!(
+V9<64'(/(/}9<!J 5(1u+. 5("A&7"t9<}(E$!&7"% 5(/&$:6!9<±;7(/7/¦a '9<"L
 
 
}	

	ª  Cj
! #"%$! '&(*)! ,+.-(/1023 545 '667(*8:9<;7(/!$
=?>A@3=CBED7F<GHJILKNMOPF<O:QGRTSU!OVIS
WYX[Z\X7]V^_Da`1bc]V_dEeOEfgOVh?MILijf*kOVF<O!l7DmcnoI/MU!O
fgn?K'h?pqKTMOXrmn?K'UtsOunuvwKNMn?K'IX x#nVDZg<KyRyKTzzaOX[@wG{Oun%p.vwKTMnqK,IX x#n
  a~  
 9<7"(/$!a 59&7"&9(/45(A"t$o9+.<"t$o #(:(:4#­"t '$!(:("(V(/!(/&+L("\(/}9< 5%("7(/&
(/&7a(/("67:&}6!9<u(w(E$ou/¦ '4¤ '$:"% 5$o( [¢£\9&9(145(P+L9<&$! '&a
/¦ '$(/$(+L9&7"t ,(/(E&"45(+/a!(¥r&(+. '$!(+V$!o(¦(+ (19< '!(+1<+u(0
&9<7":a9&&9&7"Y45("(/6!("o"t '9<&7"A&745$! #("a}$ua(P(L¤$/\("Y67u(/$!o("
( +V("(/6!("o"t '9<&7""t9&a$4, $ 54'45( +1<+u(04, $u '454'( ("45 '<&("( +1<+u(0
4y"!"t9+V #$o 5¦ 5$( 5&"t *(4#®4'9+/4' 5$( 6o9<u}( r 5&¬7(/&7+V(a("a 5¦(1u"
6u(/$o!(""t45("¥67(/%C9<o&7+V("a("u+u 5$o(+L$o!("}¦(+®+/+.(®("%$!(/$!7 (/(
(1$j4'("+L9<&+L457"% 59&7"j+V9<67(/("¦(+¥4'(""("%45$$u"9<;$!(/&7"&7"4#45 5$o$(/$o!(
6("*"t 54,$! '9<&7"#ª6!$o 5Ja($!<+L("*a(6o9<<}("L  97"E6!969"t9&7" &
$(/&%(/$o(/J4&($o9< 5o(a("(L'(/o(/&7+L("tC((/9< 5o(J"!"t9+V ()ª+V(j9(/45(J69(1$!7a '(/
("  (/u+u '("((/9 5o(6457"+L9645(1a("J '&7"t Pc(+L(/o$u 5&7"+L9679<o$!(/(1&a$"
$ou&7"t '$!9< '!(":( 6!9<u("V
 5 
  	

Y(j4,<"t$J("7/¦(}"t(/(/&$!(j!9: 5& 5679!$u&7+L(9:(/}9<!} 5(/+. '(" '&
$o(a("% 5&9 +L9<}6$!(1Eu+u 5$o(+L$!!("\"$!(A2°+L+L4'($! '(*a(+L!("t("V0\$!(
+/+L("o"$!9$o((/9!;7(+L9<}(" }9<!( &79!($o( 5&;79$!$!4'(/&(+u-ªC9E$!(
67(/%C9<o&7+V(9 +. '$!(+V$!o("L#("%6 5$o(9: '$u"E+V!7+L ,4w '679<o$u&+L(07$!( 9
9 $!(}(/9<o?&79<o(<(1&(/u454'"t9(4'(/¦(/49 $!((19<oj '(/uu+ua
 ,"*<+/+L("!"t(\0 #" &9<$*6!967(/!4'®&a(/u"%$!99 NA9<&(o(/(/;7(/" $o7$ "t 'j4,$o 59<&"
!(}"t$o 5454§$!( '&$!994Y 5&$! #"*o()9<*(/645(07  9<&(}+/& +L9<&7"% #a(1E$!7$
$o(­;(17/¦a '9<Y9§+/<+u("w:9"t(*"% 5©/("¨!(Po9<&7! #" ¯  #" 5$o(A(/454&7a(/"t$!99
¤"t(/(  %$&£'0 5$* ," &9$"t9+V45(C9$%Y945(/¦(14+/<+u( 5(1u+. 5("(?"%(/(« %$*)£+­9<C9<
4,o<(/ +/<+u(",?"%(/(  .-£+u§)9Y45$o 5C6!9+V("!"%9<u"§u+u '$!(+L$o!("9§+L4'7"t$o(/$%a67(/?"t(1(
 0$L£¤0­ %$&1<£ &7  %$ £'0w$!(+L964'(/a '$%;7(+L9(" '$!(&&7<(;45(26o9<;4'(/"
9­+L9(/o(/&7+L(0;u"%$%<+1+L("!"%("L0;" +V9<&$!(/&$! '9<&0'550u43 94¨ '&$! ,"E6767(/* #"
6!9<679"t("t '64'( }9a(/4w9:(/}9<!}<+1+L("!"%("E: #+u7"$o( '&6o9<67(/!$o 5("
$o7$*$!$o(/ '&(/9! 5(/+.*Y ,"}9a(/4§454'9­"$!9a(/o 5¦( &745$! #+14
C9!4#"C9$!(67(/tC9!&7+L(9"t9(u+u 5$o(+L$!!("&7*$!9­+L9&7"t$o!7+L$§Yu&7a9
(/&(/$o9<­9§(/9!<+1+L("!"%("L
6$o9&9*0 $o( 5&$o99<4$!9("%$! '$o($!(6(1tC9<o&+L(9:(/}9<! '(/!
u+u 5(" 7"E;(1(/&$!<+L(ao 5¦(/&«"t 'j4,$o 59<&"L65°"%(/$E9Y6!9<u" #"P+.9"t(/&&7
$o("%(6!9<u"E!($!u+L(\0 ?r(*<"E$!(6!9<u (/a(+L$!("L07$!(a!("!"t(" &7
$o(&$!!(9*$!(!(VC(/!(/&+L(" o(("t$o(  5& '& (/9!!("%$!9!(\Y(1&
$o("%($!<+L("+1&;7("%(/&$ 5&$!9«"t 'j4,$o9<9*"%9<((/}9<! 5(1u+.Y(
A(/454-a&9:&a/:;7<+u-":9§$! #"Y(/$o9o(87
$69 
/
C;:®

~ Eu+L 5&¥j6!9<  #"­ 5$o(459&0 "t 5&+L($o((/(/
+L$! '9<&7"%$¨;7(J"t$o9<667(/C$!(/A(<+u 5&"t$!o7+L$o 59<&} 5&9ua(/:$o9(/$:$!(+.7!
<+L$o(/! ,"t$! ,+/"Y93$! ,"Y9<&(  $: ,"+V9<9&45a '$!$!($o9< 5$o(*(/6 '! 5
+/4'45 $o7$C9< +/<+u(P"t 5©1("w9$!(E9<a(/Y9<# !" ¯ 0"t9(: 54'45 '9<&7"9$!<+L("
!(J"%>=+V 5(/&$Y$o9"t 54,$!(­$!( ;7(/¦ 59Y9A+/<+u(5­&(/$!(/&7"% 59&ª9w$o #"
(/$!97<"*;(1(/&®6!9<679"t(® '&  ?-£:(/o(a(1¦a ,+L( ,"6!9<679"t( $!9$ou<+V(
; 54'45 59&7"E9­o(LC(/!(1&7+L("E$!9«"t 'j4,$o(+/<+u("E:9"t("t '©/("*o(o9<&7"%9<(
@ (/;a$!("V  $E"%(/(/"Ac 5$!(*&45 5-(145$!7$$o #":(/$o9+/&;7("t( 5&
"t$u&7uª /
 BA 7C*DC
4E:7 ~

 F­(/&(1u4'45E$o(A"t(/$976o9<<"
;(1 5&$!<+L(  #""%7o( ;7(/$%A(/(/& ¦(1! o(/<4#}6!9<u"45 '-(ª$o(9<&("
$
7"t(  '& &a(/! ,+/4­&74'"% #" /:o(/&7+L( \ '¦(/!9!( \99<6"L0\ 5&67<+u-"V5'%
&7"%(/$E99<o( ou&a9<6!9<u":45 5-("Y6 5(+V(" 9A$!(J-(/!&(14?0& '
; 5&7! '("L'5Y(&7a(/o45 5& ,a( #"$o7$ 'a$o!(9*$o("%(6o9<<"
: 5454§!("t9<&;4'®o(/6!("t(/&$*$!( u"%$u& ;7(/¦ 59*9P& u+u '$!(+L$o!(
("t6 5$!(*$o #"­"t$o(/6+/&&9$;7(/¦9 #a(0 5$­ #": 5$o( %=¥+L45$:$o9j&7a(/"t$u&7
$!( +.9 #+L("  '$(/&$u 54,"Y9<&$!(+. 5$!(+L$!o(J&7$o("t(/&"t 5$o 5¦ 5$%9A$!( "t(/$
9*6o9<u¥"9<& $!("t(+u9< ,+L("L ¯ (+/7"%(9*$o #" 'a$o!(96!9<u"L0
(/¦(/&  "% 564'(Y6(/&9<}(/&9<&}a(/$o(/!} 5&(""t9(­u&<(E9¦<45("§C9:"%9<(
67(/$o(//0 '$:/j&9$;7(J667o(/&a$­ 5&$o(7&74o("t45$/
BA   
7 DC
~/ a
7~ u+L(ao 5¦(/&¡"t 'j4,$o 59<&"j"t$
;(o(/67($o( C9<	
ª+L9&7u$! 59&9P$!(+. 5$!(+L$!o(  ­$!(ª}(/
9<!¡ 5(/+.7<""%(/¦(/445(/¦(14#"E9+/<+u(" ?"9"%$9P$!(6!9%(+L$u"9
u+u '$!(+L$o!("¨&96u07+L9645(1$!(­"t 'j4#$o 59& #":459"t$Y9$­9o(<+u
Y(67(/%C9<o&7+V(9 &¡+. '$!(+V$!o(+/&4#"%9;(("%$! 5¥$!(¥$o!9< &7
4'a$o #+/49a(/4,"L­Y(/+/&< '¦(u"t$P("t$o 5$!(":;9$*"%9<(J-(/67u}(/$!(/" 9
$o(:(/}9<!P 5(/+.wa$o(/&7a("%!¦(1"9&j$o #"§"t;%(+V$+/&;7( C9&7 5& 0$/£
&7 . £?Y(E¥ 5&6o9<;4'(/  '&$! ,"Y+/"t(* #"$!9!(/(*9&¥$!(/$o #+/4a}9a(/4
C9$o(o(LC(/o(/&7+L("Y(/&(/$o(ª;j6!9<­Y(J9a(/47"t$:;7( &745$! #+1454'
$ou+L$u;45(*&7 5$Aj7"%$!(/6o("t(1&a$ 5&¥ !!(<"t9&7;45( $!( ;7(/¦ 59Y9§6!9
u  '&E(/}9<!* '(/uu+uaY(E '&7a(/67(/&7(/&7+L(:o(LC(/!(1&7+L(Y}9a(/4   8 @ 7"t(
 '&$!(+V9<&$!(/$Y9w67< '&459<! '$!¥"Y+/&ª;7(J679"o"t 5;45(J+/&a #$!(*$!9o(/6o("t(/&$
$o(:$!<+L("39E6o9<< @ 9"%$¨9$o(E&74'a$o #+/47"t$o7a '("9<&}+/+.("7"t(­9!(:9<
4'("!"­$! ,"9a(/4 5&4';7(+/"t(9  5$"$o(/$! ,+/4$!u+L$u; 54' 5$%  $P<"!"%("
$o7$:$o(*&aj;7(/A9§$!(J"t+/+L("o"t 5¦(­45 '&("Y9+/+.(E!(("%$!(;j$o(A2 C9!
J"t((/&+L(9 5&7(/67(/&7a(/&$u&7a9< ¦<! ,;4'("L  $o(  8 @ 9a(14< '¦("YJc '$!(
+/+L$o(6 ,+L$!o(9*$o(+L4,<"o"t +/$o 59<&9J+1<+u(!(/64,<+L(1(/&$459<! '$!¥" ?"t(1(
 0$&-£'u07 5$Pa9("­&9<$­7/¦($o( 5&6o9<67(/!$o 5(":$!$­9<$o 5¦$o( $o("t(9¨+/<+u(
 '&& u+u '$!(+L$o!( 7w¦(/!4' 5&( #"*!(LC(/o(/&7+L(  '&7a(/67(/&7(/&a$o459P$!(9$!(1u""%9
$o7$ 4'9"%$&9«"t67$! #4Y9$!(/679u44'9+/4' 5$%9­$o(!(VC(/!(/&+L(": '454;7(!(/6!(/
"%(/&$!(® '& $! #" }9a(/4? @ 9<o(/9¦(/* 5$ <"!"%("J7(®4'(/&$! 9E4' 5&(}&7 $oa7"
9(" &9<$P454'9 $o(J&745"t #"Y9$!( 96$! '445 '&(*"t '©/(
5&}&45$! ,+/4a("!+Lo 56$o 59<&9$!(­;7(/7/¦ 59<9+1<+u(<"¨;7(/(1&j6o9<679"%(j '&
 ? £:(/!(­$!(P$!9u"¨6!9<679"t(*"%4'47"t(/$967u}(/$!(/"$!9*(/¦457$!(­$!(­67(/!
C9!&7+L(w9E+/+.(w(/9!Y("%(Y67u(/$!(1u" '&7+L4'7a($!(&9$! '9<&9 5&$!! '&7"t ,+
 '&a$o(/tC(1!(/&7+V(6?+V9<454' #"% 59<&"3: '$! '&$!(E+/+.(9$!(E;459+u-"w9$o(*"o(:6o9<u¥" u
 
Y(("!"%(/&a$o #4 ,a(j ," $o7$*$!(;7(/7/¦ 59<P9­}+/<+u( ,"Ea($o9"%4'4&;(1
96(1&9<(1&7j"%7+u"!(1<4,P+L9<4'45 #"% 59&7"L07"%$uo$E6( (+L$u"V0&9<&¤"t$$! '9<&7!;7(/
¦ 59/'53­ "t$o7a<9(": 5&$o #"Aa 5o(+L$o 59<&  @ 9"%$Y9w$o(E$!(/¥$! ,+/49a(14#"
9®&9$+1!(«"t>=¥+L '(/&a$o45$o9 $!(&a(/!4'a '&6(1&9<(1&7$!7$+17"%(!(16($!(
} #"!"%(" 5&} +1<+u((:6o9<679"%(*E9<o(:6!(+V #"t(­("!+Lo 56$o 59&9E6o9<u : ,+.
(1a$o(/&7"* 5&¡"t9<}(j $!(9a(/49  . £ &7¡454'9­"9!(}"t"t$!(1$o #+"t$o7a
9w$o(*67(1$!(/"¨$!$: 5&¬7(/&7+V(E$!(*;7(/7/¦ 59:93j+/+.( $o!9<«&745$! #+14
C9!4#"&7$!(u&a9< (/&(/$!9E6o9<679"%( : '$!$o(9a(/4+uPY #"}9a(/4
+1&}4#"%9;7(­7"t($!9 "t$o7a$!(67(/%C9<!¥&7+L("9 $!(Pa  (/o(/&$¨o(/9<a(/o 5&*"%$!$!(1
 5("w9"!+V 5(/&$! +:+L9a(P"t7+u}<"¨;459+u-(4'<9<o 5$o"	#C9<Y(1645(0"t(/(  %$!$/£:(/o(
$o("%67(+L #4+/<"%(9Y}(/9<o<+/+V("!"%(" (/&(/$o(ª;j$!o 5j4'$! '645 ,+/$o 59<& #"
&74'a©1( u
3­6o69"t( 5&$! ," 6767(/j ,"j$!9< '¦( "t '645(¥"t$!9+u7"t$! ,+9a(/4:9*$!(
"%((/&7+L(­9§(/}9<!Ja!("!"t("Y!(("%$!(;a}6o9<<Y9<"% 5645(0<$o #"
}9a(/477<"$!(P$tA9%9<A+.u+L$!(1! #"%$! ,+/"w$!7$Y9$! 5¦$!(:$!(E7"t(P9§+/+.( 7$!(
$o(/679<4459+145 '$% ?"%9<(!(VC(/!(/&+L("E!(jCo(c(/&a$o45«<+/+L("!"t( P&7®$o("%67$o #4
4'9+/4' 5$% ?"t9(*!(LC(1!(/&7+V("Y!(+V9<&$! 59<" uAY(J 5679<o$u&a$:679< '&a$:(/!(0 ,"Y$!7$
$o(u&a9<&("!"*a9("*&9<$J;!(-$!(j4'9+/4' 5$%6o9<67(/o$! 5("9­$!(+/+L("o"t("J<"E 5$
 <"$o(+1<"t(J 5&$!(J6!(/¦ 597"­"t$!9+u7"t$! ,+9a(/4,"L  '$!$o #":9a(/4¤0Y( a(/! '¦(
$o(*+L9!o("t679<&a 5&}&45$! ,+/47(/6o("!"% 59<&"¨C9<Y$o(E ,"!"wu$! '9  $A #"6!9¦($!7$
$o(E ,"!"wu$! '9+/&ª;7(E(1a67&7a(}<": 7& '$!(*"%	
  :(/o(  ,"¨$!(*+/<+u("% 5©/(&7 
  #":+L9(*=¥+L '(/&a$Aa(16(1&7a 5&9<&$o(E;4'9+.-¥"t 5©1(0$!(J<"o"t9+L ,$o 5¦ 5$%&7
$o(4'9+/4' 5$%9P$!(}6!9<uY7" $o #"*9a(/4 ," $!(/¥$! ,+/4'45$!<+L$;4'(
Y(6(1&9<(1&7j+V9<&7+L(1!& '&$!(J9<6$o 54;459+u-"t '©/(0$!(( (+L$" 9A<"o"t9+L ,$o 5¦
 '$%05'5!(+L967o(: 5$!¡$!(+V9<!o("t679&7a 5&9<&("*9<;$ '&( ;a$ou+L(ao 5¦(/&
"% 54#$! '9<&7",?"%(/( 0$/£+uY(P(/6 '! #+14aC9!4#"§C9:$!(P #"o"¨u$! '96o9<679"%(ª '&
$o(*45 '$!(/$!!(*!(Ja #"o+L7"o"t(\
Y(P&45$! ,+/4(/6!("!"t '9<&7"w9\$o(P+/<+u(Y67(/%C9<o&7+V(­!(:&9<$$!(:9&45 +L9<&
"%((/&7+L("¨9§$!(+u9 #+L(E9$!(/¥$! ,+/49a(/47C9<:$!( }(/9<oo(LC(/!(1&7+L("V
5:$!$<+u($o9 $o #"w9(/4?0 (/&(/$!99&79< $!u+L(" ,"w6!969"t(  $w ,"37+u
 ,+.-(/A$!7&®"t74w$!<+L( a! '¦(/&"% 54#$! 59&7"6$o9<<$!7$E$!("t(9&("E+1&&9$
;7(/¦9< ,a(\0$45("t$ 5&¡$!( 7&74­"t$o(/67"9P$!(a("% 5<&6o9+L(a!(#J&7  5$+/&
 5¦(«"t9<}( 5&"t 5a$} 5&"t9(!("j:(/o($!(&74'a$o #+/4E"%$!7  #"j9!(a 0=
+V45$10a45 '-(:j45$! '6!9< 5&P(/&a¦ 5o9<&}(/&a$10<"%$u!$­6;7(/7/¦ 59<"L09!(P+L9<}645(/
 5(/u+u '("¨9+/+.("L'5
\(/$J7" 7& ,"t ;!(+1454' 5&¥"t9<}(a(7& 5$o 59&7"*&7®(145(/(1&a$!}6!96(1!$! '(" 9
+1<+u((/9! '("L*Y( 5&(/}9<!} #"Ea '¦a ,a( '&a$o9ª;459+u-"9wA9<u"LY(

;459+u-?+/+.(:4' 5&(! #"w$!(;7"t ,+ & 5$9$ou&"qC(/;7(/$%Y(/(1&$!(­ '&(/9!*&7
$o(P+/<+u(  (/&}$!(­a!("!"¨9§EY9<j #"!(("%$!( 5&$o(¥ 5&}(/9<o0/$!(
;459+u-+L9&a$ '& 5& '$: #"wC(/$u+u(&7+L9<&"t((/&$!4'0454$o(*&(/ '<;9! '&Y9u"Y '&
$o #"Y;459+u-o(4#"%9j$ou&"qC(/o!(\
5& c¤<"o"t9+L ,$! '¦(+1<+u(j9*"% 5©/(  #"J+/+.(}a '¦a ,a( 5&$!9   "t(/$"L0(<+u
9A$!(/±7/¦ 5&}$!("o(J&a;7(/ ª9A;459+u-"V  $!(;459+u-"­o(E; '$u": ,a(0
:(/&&a!("!" ,"!(("%$!(;a$o(jA207 5$"¦45("t C$!(¥C!910}9a459
  ® 5¦("*$!(&;7(/*9P$!("t(1$:(/o( 5$"%9<4# ;7(Y(<ao("!" #"*$!(1&
+V9<67!(: 5$o $!(a!("!"t("9­$!(45 '&("E: 5$o 5& $o #"*"%(/$$o9a(/$!(1! '&( N: 5$
 ,"*45o(< 5&$!(+/+.( '$*:9;"t(/&$  ,"!"   &$!(}+/"t(:(/!($o(/o(j ," 
} #"!"V0$!(*!(164#+L(/(/&$w679<4' #+L¥a(/$!(1! '&("$o(*;459+u-j$o9j;7(*(/<"t(¥;$o(E;4'9+.-
C(1$u+u( 5&$o(­ '&(/9!Y($o! 5645(6  +a(7&("w$!(;7"t ,+ 67u(/$!(1u"
9A+/+.( 9!& '©$o 59<&   (/& 	 $0$o(+/+.(  ,"+1454'(a 5o(+L$o667(\  &
a '!(+L$o¥667(+/<+u(0&«<ao("!":7" 9&459&(679"!"t ';45(*4'9+/$o 59<& 

   (    

\(1$ " ;7(/< '&®: '$!$!(}"t '64'(45996 9 "!+/4# 6!9a7+V$  "E(/o&(/4' 9 /:!(/&7+V(
\ '¦(/!}9<!(!
  ! #"%$
&'(&*),+.-/10(23.-40
 561$879:$<;>=@?
w¦(/o$! 5}(BA #"¨ '&7+Lo(/(/&$!(0$o(C9<4'459: 5& 6!$"Y9$o(E 5&(/9!Jo(
+/+L("o"t(7
$BA 
,C
 7YY( <!("o"t(":9A454$o(6o9<u± '&7"t$o!7+L$o 59&7" 4' 5-( ;3B5 0
D 3P8 :05'5Y("%(­<!("o"t("o(­+L9<&"t$u&a$o45J!(LC(/o(/&7+L( $(/¦(/!P 5$!(1u$o 59&
a! '&93$!(*45996
 BA a
 7  &$! ,"+1<"t(:$o(­ou/"FE±&GwY(­a!("!"t(" C(/$u+u(Jo(
 5&7+Lo(/(/&$!( ;E9<&(:& 5$C$!( "t '©/(9 &J 5&$!(/(/9<w9­a9<;45(# C$o(/(<+u
4599<6 YY(J"%7+/+L("o"t '¦(*<!("o"t("YC(/$u+u( 5&$! ,"Y!(/ 59&!(J+L9&a$o 5<9<7"V
BA ª~V
:H 7Y("t$u$!(E9$!(P+Lo!(/&$6!9+V("!"V)o9< 9<A679< 5&$Y9¦a '(/*0
 5$:: 54'4\;7(*!(/4,$o($!9$!( $o(/$:67o$/
)
5"t4' #+L(A9$!( "t((/&+L(Y9ao("!"%("C(/$u+u(*ao 5&P$tA9E 5$o(/u$! '9<&7"9$!(­;79¦(
4'99<6 7
 '$!(/$o 59<&& 4$  '$!(/$! '9<&& B 
) $/¢ )¢#-! ) $/¢ )¢#-! 
 $*) &))#)!)#)  $*)))#)#)!)
 $*) &))#)!)  $*)))#)#)
 $*) &))#)!)  $*)))#)#)
 $*) &))#)!)  $*)))#)#)
 $*) &))#)!)  $*)))#)#)
 $*) &))#)#1  $*)))#)   +.- 0
 $*) &)	 )#1  $*))	 )   3.- 0
 $*) &))#)!)#)  $*)))#)#)!)
 $*) &))#)!)#)  $*)))#)#)!)
 $*) &))#) 
  $*)))#)8
 $*) &))#) 
  $*)))#)8
 $*) &))#)!)  $*)))#)#)
 $*) &))#)!)  $*)))#)#)
Y(«o(!(LC(1!(/&7+V(® 5&$o( '& }(/9<o; $!(ª6!9<u +1& ;7("t645 5$
 '&a$o9(/45(1(/&$uo!(/ 59&7" A :(1!( A #""t9( 5&$!(/o¦4  ¤r(¡"t(/$9J+L9<&
$o 59<7"ao("!"%(" P9­$!( '&®}(/9<o  & $!(¥+/<"%(j9E94'99<60w$o("t(} 5&
$o(/!¦4#"*o(jo(a7+L( $o99<&(jA9<u0(/+L(/6$­C9< + &7 3 : #+u !(!("%67(+L$! '¦(/45
  E  E )ª£A&7   G G )ª£¤0: '$!  E 
 $*) &))#)#1&7! G   >$))" )!1 5 $*(/¦(/o 5$o(/u$! 59&09&(a!("!" #"
o(LC(/o(/&7+L( 5&(<+u9$!("t(* 5&$!(/o¦4#"V
 & $!("!}(:/0:$!9a( &(9<9(/4?0YA(: 54'4*<"o"t($!7$$!( 5&
}(/9<o­+/&*;7(:(+L9<}69"t(E '&a$o9$# (/4'(/(/&$u!:o(/< '9<&7"#A&%   '(%1'(%*)+%V£¤0-,
$1/././.#   10® ,"$!(Y"% 5©/(§9YY9<\0Y(Aa( 7&(2(%!43 5'(%"/4360 }9a459 87:9; £<0 C9=3?>@&,A B8$/./.C. #EDAY(/&ªC9E&aF370GH% 43 IA A&%0GH%E: '454\;7( +/4'45(
&®(145(/(1&a$!¥<+/+L("!"*&7 JH% 43  LKMN: '454w;7($!("%((/&7+L(9:$o("t7+1+L("!"% 5¦(
ao("!"%("j!(c("t$!( ;$! ,"j+/+L("o"LY7"j(+.(/45(/}(/&$u!¡<+/+L("!"!( 5o("
"%7+/+L("!"t '¦(/45454w$o(jA9<" 9: 5$"E(/45(/}(/&a$o!(/ 59& &7 $o(/&!("%$u!$u"J$*$!(
;7(/ 5&& 5&9­$! #"E!(/ 59& &7"t99&5E"E 5&¡9<*6o(/¦a '9<7"*45996 :(/o(0  )0
99a(/496!9<u : '454;7(P& '&a$o(/!4'(/¦a '&9$o("t($# (145(/(1&$uoJ<+/+L("!"t("L
Y(ª}9<!("%$!u 5a$%C9<!  :/  ,"$!9 5&$!(/o45(/¦($!(1 +L+L45 ,+/4'450$!$ #"$!(
-
"%((/&7+L(P9Aa!("!"t(" o(c("t$o(j;$!(*6o9<u± ,"*7
B   ]%B   ^	


tB   ^	tB   	


tB   	


tB    M:]  	%B   M  	


tB   M  	tB    M­]  



 9A(/¦(/10a$!9¥¦9 #6!9;45(/¥"Y: 5$!  '&a$ou<+V$u;45(#67(/o 59a ,+"!+u(/}("Y 5&$!( &7
4'a$o #+/4"%$!7a0Y(*+L9&7"t ,a(/:$o(J"t45 '<$!4'a  (/!(/&$: 5&$!(1!45(¦ 5& 7
)9< $!,5# &7  !  87:9; £?0/6$$o(o-  ,9 9<& 4'4$!(679< '&a$"J0 " )+%   MN9 $!(679"t '$! '¦(j74  45 5&( ®(7/¦($!(1& &9&a(+Lo(<"% 5&"%(c(/&7+L(9E679 5&$u"9<&$!(o(4:4' 5&(C P$!(1!( ,"& (c745 '$t# 0  " )+% $&% 0  " % )+%('	0
$o(/&A(+L9<&7"% #a(1E$!7$)J0  " ) %J ,";7(LC9!(*&%  " % )+%(' N ,#+ , %   9 Y(+/&
( 7&(J$!( "t((/&7+V( 9A<a!("o"t("­99E9a(1496o9<u«  §$!( " C$!679< '&a$
<"$o(!--<. A$!(1&$!( " C$!ao("!"E!(c("t$!(¥;$!(J6!9< : '454;7(
'0/ #. 0*  &$o(+/"t( &9$*+L9<&"t #(/!((/o(#Y:(/!(J$!( ) % !(4'$! 5645(­9 0 0
 '$ ,"(<"% 545"%(/(/&$!$Y(}9<;$ 5&9+V+L4' #+ '&a$o(/!4'(/¦a '&  ­A(4599- 9<&4'$
$o(<!("o"t(" '& $o(!(/ 59& A%}&7a #"o+/ 454:$o(9<$o(/"L0Y$o(/& A(ª(/$$!(
"%((/&7+L(P9Aa!("!"t("  (% L3   K&MN*"Y(/6(+L$!(
Y(A(/45(1(/&$uoYo(/< '9<&97$!(¨¥ 5&P(/9!­<+1+L("!"%(E;a (%w ," '(% '(%*)+%1£?
Y("t$u!$o 5& 679 5&$ '(% #""t9(&7a9 ¦o #;45(  $" (/<+V$a #"%$!o 5;$o 59&  #"
&9<$ 5679<o$u&a$ <"Y(: 54'4­"t(/(06o9¦ #(®$!(+/+.(¥"t 5©1("&745©/(o("%4'4
+V9<67!( $o9 $o("t '©/(®9$o(®¥ 5& }(/9<o Y( "%(+L9&7 ¦! #;45( )+%: '454
;7($!(459+/45 5$%9=(%  =) %¥ #"c '$!("t¥454 ¤"t9(;a$!(" u0Y$o(/&5(%: 54'4:;7(
"t((/&+L(9­o(/67($o( +/+L("o"t(®$o9"%4'4w&aj;7(/*9Pao("!"%(" $o(/679<4
4'9+/4' 5$%6!9<67(/o$% 3$o(/o: #"t(0 ()+% #"Jc 5$!(4#!(0 (%: '454;7($%a6 ,+/4'45$!(
"%((/&7+L(J9 <+/+L("!"t("$!9¦(+L$o9<­9<J$o! 52?"t6$! ,4459+145 '$%ª6!9<67(/o$% ­&7
) %  #"j$o("t '©/(9 $!(!u/ C¦(+L$!99<$!o 5u (®: '454P<"!"%($o7$$!(
) %  $1 ,2 #!(&7a9 ¦! ,;4'(": 5$! $o(+L99<& a #"%$!! ';$o 59<&43
: #+uª: '454;7(9<4'9+/4' 5$%67u}(/$!(/1:)9<­(/64'(0a NY(*4'99<-$E9<E"% 564'(
4'99<6-(/!&(145 j0$!(/!(*!( -(/45(/}(/&a$o!(1< 59&7"­&753 Y9<4#;7( $o(EC9<4'459: 5&
 #"t$o! ';$! '9<& 7­: 5$o6!9;7; '45 '$t768)+% ,"9<&(jA9<u4,o<(& : '$!6o9<;7; 54' 5$%8'2)+%* ,"H Y9<":4#o<(
  7 :aa
7
Y("!"%9+L #$!(&7a9±<(/&(1u$o9<­ #"Y("t$!9 5}645(/(/&$1Y( C9<4'459: 5&C&7+L
$o 59& } A  ¤ Yo(/$!!&7"B" 2 <!("o"t("Y: '$!4'9+/4' 5$%  7
} A :9 7<;
>=<?A@<?CBD@EGFIHJBD=KL>MONBPH?CBDQR,ETSVU.-  :0 " ./.C. "U -F(01W<?>@,X4K?,S>@THY?>Q,Z[@<?CL>=]\
W[X<?CR[E4?A=TKE^`_ 7

    
W[X<?CR[E  _]F
WTH?A@E,LDZ[@[ZP@ 9 ->0 ) 9 ?A=TKE^ 21W<; M<L KCZR,L7U.-(0`;
    )  
ED=TKCW[X ?PR[E
?>=TKJED^  ?>=TKJED^ )  
ED=TKCW[X ?PR[E
 &$!(¥C9454'9: '&0wA(: 5454 "t$o7a&74'a$o #+/4545$!("%$u$! 59&7o;(17/¦a '9<9P$!(
+1<+u(0/ ?[(4599-$$o( #"o"$! '9:(/&
	   '&  A  5& &745$! #+14
"%$!79 "%$uo$!C66(1! 59&745$o 56o9<< 5&( (+L$""%(/(/":7+.}7a(//
 (/¦(/!$o(/4'("!"V0L$!(/ 5( (+V$u"+/&;7(:&74'a©/( C$!o9<"t7+1+L("!"% 5¦(+1454,"\$!9 
A  ­ 5$o(("t 54': '$!$! #"&7a9 (/&(/$!9J&7+/+.( "t 'j4,$o9<  0&7
7+u9<o( #+u-a4'$!7&®: '$!$!(7"t746!9+L(a!("t 5&ª$ou+L(/¤a! '¦(/&"% 5
4,$o 59<&"LY(jC&7+V$! 59& } A  +/&4,"t9;7(}9a 7($!9+L9&7"t ,a(/Jª9!(
o( 7&(a("o+L! '6$! '9<&9w$o(*6!9<uP"t745450&(/4'(/(/&$u! <+/+L("!"IH%­: 5454;7(
(1 5$!(/E}8 5 0 8    9<& 5&"t$!o7+L$o 59<&C(1$u+u! '&$!(:9<4'(6!9<u
)9Y(/645(0< '&j$o(E4'99<6-(/!&(/45 a0454$!(*+/+L("o"t("w$o9 + &7 3 o(*8 5 )9<
$o7$109<&( %7"t$:<":$!99a C$!(C&7+L$! '9<& 5&$o(EC9<454'9: 5&J:/ 7
WTH?A@E,LDZ[@[ZP@ 9 @B.-(0 "  ->0 ) 9 ?A=TKE^ 21W<; M<L KCZR,L7U.-(0`;
:(/!( @B.->0  #"Y(1 5$!(/:8*0 9  
C	
u C
 
 &$o #"6767(/10Y(:C9+L7"Y9&ª$o(E 5&6(/&9<(/&$o7$­+17"%(E #"o"t("w '&+/<+u(
&7®9& $o($o(/$! #+149a(/4' 5&9­4'9+/4' 5$%6!9<67(/o$! '(" 9­6!9<u"L(
: '454:67/45 '$!$o45($!$!(1&a$o 59<&$!9$!(6!(a #+L$o 5¦("t67(+L$"j9$!(9a(/4¤0¨ ¤r( C9<
 5¦(/&6o9<u«0$o9 7&7$!( 66o9<6o #$!(67u}(/$!(/""%7+u$!$/0C9<&ª}(/
9! '(/uu+ua$!(¥a  (/o(/&7+L(;7(/$%Y(1(/& #"o"u$! '9"+14#+V4#$!(: 5$o®$o(j}9a(/4
&7!(4 #"o"Yu$o 59"  ,""%4'4?  (1¦(/!$o(/45("!"¨ '$ ," &9<$*a 0=+V45$:$o9jo(/o-$!$/0
;7(+17"%(9­9+u9< ,+L(09"t$*9­$o(6o9<<"*7"t(  '& &a(/! ,+/4§&45"t ,"7$
 '&$!7$9(/4  \ 5&67<+u-"V09"%$:9§$!(#/:!(1&7+L(#\ 5¦(/o9<o(4'99<67"V05'5%  & %$!$/£?0
$o(}$o9<""t$!a+/<+u(67(/tC9!&7+L($!99<6$o 5 '©/(;459+u-(®459<! '$!¥"LY(
6!9<u &74'a©/( 5&$! ,"3667(/ #" ¥$!o 5*45$o 564' 5+1$! '9<& )o9<°$o(679 5&$¨9
¦ 5(1 9A(/}9<!+/+L("o"t("V0\ 5$P+/&;(o(/6o("t(/&$!(¥ '&9E9a(14?0<"Ej6!9<u
! #"%$'&(*)+"%, -/.0$132546"7#8"% :9,)+#;3<=4>?& #32A@CB3DEBF6"%(%(/G  :HI);H#! #"7$'&J(K)=
DL"%,I'MM#MB

: '$!$%Y9(/45(1(/&$uo!(1< 59&7"E9P"% 5©/(' &7E'  o("t67(+L$o 5¦(/4'07:(/!(?'  #"E$!(
;459+u-a '&¤<+V$!9<BC!("%$!! ,+L$!($!9*$! ,""t67(+L ,47+/"t(09A&745"t #"w ,"¨+V459"%(:$!9J:7$ #"
9<&(* 5&¡ 0$#$L£+u  &¡ . £$!(J$!9u":6!969"t(J$!9(<"%!(P"t9(*67(1$!(/"¨9§$!(
6!9<u $!9¥a(/! '¦(*$!( ,"!"Y$! '99¨j< '¦(/&+/+.(+. 5$!(+L$!o(:Y9<$!(
$!9<u"a9P&9<$+V9<&7"% #a(/§&&74'a$o #+/4("!+Lo 56$o 59&9 6!9<u0< 5$ #"&(/¦(1!$!(/
4'("!"Pc '$!( '&a$o(/!("%$! '&$!9"%(/($!(}&459<(9 $!(1 5E67u(/$!(1u" '&9<J9a(/4¤
\(1$7"a(/&9$!(;   ADP$!(}!(/ 59<&9E$o(+/+.(}$!7$$!((145(/(1&a$!!(/ 59&
A: 54'4w9+/+L6 C6!9%(+L$! '9<&9BAª '&®$o(+/+.(!u(5E+1+L9<a 5&}$!9$!($!(1! '&9<4'9<<
9  . /£?0$!(}"t(1$ 
   ( A 
  ( A& ,"E$!(679<$!(1&a$o #4A+L9454' #"t '9<&¡"t(/$1Y(C($!o(
 '&7+L4'7a( 5&9<J9a(/4 ," $!(+L964' 5&;(1$tA(/(/&$!(C!(c(1&7+L 5("9P+L9<4'45 ,"t 59&7"
&7$!(}+L9<4'45 ,"t 59&"%(/$* 5$u"%(/4  $!("% 5©/("­9:$o( 5&$!(/o¦<4#"­&7$!(/ 'E64,<+L("­ 5&$!(
+1<+u(Y: '454a(/$!(1! '&(w$!(¨C!(c(1&7+L 5("<"wY(A: 5454"t(1(  & ? £¤0<$!(C!((/&+L 5("&7
$o(69$!(/&$! ,4 +L9<4'45 #"% 59& "%(/$J!(¥"t(/$J 5&7a(16(1&7a(/&$!4'  &9<J9a(/4$!(j4'9+/4' 5$%
 ," 5&+L457(;a$!(J 5&$!(/o45(/¦ 5&9Y(145(/(1&a$!}<+1+L("!"%("L  & ? £§ 5$­ #"Ea9&( 5&
+V9<67u;45(­:/<" 5&$o(P2wo$! #4 @ !-9¦8:(LC(/o(/&7+L( @ 9a(14?"%(/(   )<£+ 7    4' 5&(
 ,"¨o(c 5!($!(/& 0a: 5$o"%9<(­6o9<;7; 54' 5$%$! ,"w45 5&(: '4547;7(* 5&}!(("%$!(: 5$o
"%9<(6!9<;; '45 5$%&7®$! #"C9< ª: '45(o& 4'(/&<$o u09$!(/o: #"%(&(/°45 '&( #"
u/:&$:u&a9<
	 
    (@ B 4(      	    
      4
w#
7  "!# %$'&)(+*-,/.0#214365 7#8* %39:3+.;.<&)9 0=>&?,@.  A,/.0#2163BB %,C,%,
 D1 E(GF 7BIH J.  K5 %#C* %39MLN5O.P#.P&)9 K=RQ
(*: 5454 a(/&9$!(J;a?0 = Y$o(J+/a 5&745 '$t9§$!( A9<o-a '&"%(/$­$­$! '(S=LY(
C&7+L$! '9<&= 0 =   #"E&9<&¡a(+V!("t 5&  $u"E$!(9:!9:$!  ,"9<&(j9:$!(j7"%74
7&a$o 5$u$! '¦(­+.7u+L$!(/o #"%$! #+1"39$!(­;7(/7/¦ 59<A9§*6!9<u C &9$Y$o(9&459<&(
: '$!$o(E ,"!"wu$! '9>u)9:$!(  8 @ 9(/4?0 5$A #"!(/4,$!(  '&¦! '9<7"Y /"Y$o9$!(
} #"!"u$! 59¤"t(/(}  /£'
3­:6!679"%(  '&$! #":"t(+L$! '9<& ,"¨$!9+V9<67!(­$!(  8 @ 9a(14\&79<:}9a(/4
Co9< $! ,"¨679< '&a$A9¦ 5(/*§)9<Y$o7$10aA(E: 54'4$-(P"t '645(A(/64'(0<&7(/4'$!(
o(/67($o( +/+L("o"t("*$!9$!("t7+1+L("!"% 5¦(+L9679<&(1&a$" 9P¦(+L$!9 9*"% 5©/(?®)9<
$o(  8 @ !(VC(/!(/&+L(j}9a(/4?0$o(6o9<;7; 54' 5$%9:C(/$+. 5&$!(5TDU+L9679<&(/&$9
$o #":¦(+L$o9<: ," V D$ou 5<$tC9! u+14#+V4#$! 59&7"­"t9 $o7$E$o((1a67(+L$o(¦45(
1
9 04 = wC9<:$o(  8 @ 9a(14\ #"
 $H $  $  T  
: #+u #"P45 /":45("o"$!& '&GBN= D0$o(!(4w+1u 5&745 5$%9:$o(A9<!- 5&"t(/$
C9:$! ," (1645(
 $ ,"+L9<&7"%$u&a$C($!o(j9E$o(  8 @ 9a(14w$!7$ 5$J9C$!(1& &7a(1!("%$! 5¥$!("
$o(}"t 5©1(j9­$!(A9<o-a '&"t(/$1 3­*(/645( '<$E4599- "% 564'(  (/¦(/o$!(145("o"
 '$E #"Pc '$!(J$t6 ,+/49A:7$ $o(  8 @ 9a(/4: 54'4&(1¦(/o(/6o("t(/&$*+L9!o(+L$!4' 7 5
"%$!(a<!9:$o9 0 = 3ao 5&J"t9(­6(1! 59"¨9$o(­(/a(+L$! '9<&9§ 6o9<<  &
9*9<6 '& 59&0$o #"­ #"E$!(!(<"t9& C9*: #+u®$o("t6$! ,4459+145 '$%9 6!9<"E #"
&9<$P<+/+Lu$o(/45!(16!("%(/&$!(j;$o(  8 @ 9a(14?
     B   ;&      R;  (
 &$o #"A"t(+V$! 59&0Y(*(/&9<$o(E;0  & $o(E!("t67(+L$o 5¦(­"t '©/("9§ A9<\07 4' 5&(
&7$!( +/<+u(*Y(+1<+u( #":!(/6!("%(/&a$o(ª;$o( 5&$!(1!¦4  8E£¤ (: 5454§"!/
$o(­Y9< 360 C!("%6$o(4' 5&(3 'C9<A*Y9< C!("%6w*45 '&(#:9"t(*ao("!"w 5&$!(
 5!(+L$w667(+/<+u(: ," 3 0 !("t623'wY(1!(LC9!(:$!(E+/+.(: #"$o(& 59&j9$!(
A9<" 360 ! 3 +   0 " A(/454 <":$!(*& 59<&9$!(*4' 5&("H3 E@3 +   ¤
5& <!("o"9$!(: '& }(/9<o­"t NC$!(EC!9 $!(Y&j;7(/97; '$u"9:;4'9+.-
 5¦("$!(­&aj;7(/w9$o(4' 5&(:9$o #"<a!("o"L  \$o(P+/<+u(: #" ?"!"%9+L #$! 5¦(0c$o #"
&;7(/:9A45 '&(*9a4'9	  ª: '454 5¦($o(&;7(/:9$o("t(1$:(1!( '$E"%9<4#
;7(­459+/$!(  5$ #"w '&j$o(E+1<+u(w)9Y"% 5645 #+V 5$%<0&$! '472w!9<679"t 5$o 59&-a0Y(P<"!"%(
$o7$­9<­+/<+u(* #":a '!(+V$Y667(\
 &9<9a(14?0w$!( =%C$!Y9< $!7$j$o((/45(/}(/&a$o<+/+L("!" .®: '454:o(c 5!(0
"%9<4#ª;7(*459+1$!(¥ '&$!(J+/+.(J$ E   = 06­0
E  = 06     = 09a4'9 )   9459 
:(/!(  5'  9459 ®(A: 5454<"o"t}(Y$!$w$o(:;7(/< '&& 5&"w9$!(Y(/4'(/(/&
$o!(1< 59&7"  !(­ 5&7a(16(1&7a(/&$w&7& C9!4'*a ,"t$!o 5;$!(*9<&$!(­a ,"!+Lo(/$!( "t(/$
9AY9<" B
3 0 $  3   ;  $
DPY #": #"P o(<"%9<&7;45("!"t6$! '9<&«<"4'9<&"$o(*+/+.(E"% 5©/(­ #"&9<$A$!994#!(*+L9<}67o( $o9$!(P"t '©/(E9$!(E¥ 5&}(/9<o ?"t(1(
 ? £+
¢
Y(:(145(/(1&a$!: '&a$o(/!¦48A   ," ¥667(*9<&$!9" ( A    B
3 0 /././. J#  $  0=D: '&
$o(A+/<+u(0/: '$! 3  # & $!(:<+1+L("!"\: '454!( 5o("t+/+L("o"t 5¦(145­$!( #! 3A9<"
360 /.C./. & #  $ L0*  o0\C9< "t9(45 '&(   5&$! ,"o(/< '9<& B
3 0 /././. J#  $  0=D0
$o(/o( #"Pj #"o"Y:(/&+/+L("o"   !(<+u(":$!(A9<u": #+u!(667(ª '&4' 5&(
  ¤0$!(1&$!(:945(4' 5&(*7" $o9;7( C(/$+.(jC!9<±$o( 5&}(/9<oY ," 4' 5&(
: '454¦(­$!9*;7(­ 5&$!(P+/<+u(P$(+.9$o(; +/+L("o"t("w9$!(­Y9u"w9$o #"w4' 5&( ¤r(   /. . . & @$ !0  5&9ua(/:$o9/¦9 #j ,"!"%("L
HER
  HO] #R
   s ] 
  ®] 
s 
	:+: O
 #RFC3+.<&)#( #21>3(  E9 8( .P3   *&)#(&)( .  >FC3F  
\(1$w7"4'99<-$w$!(Y 5&"t$u&a$":(/&$o(Y(145(/(1&a$!P<+1+L("!"   !( '!(""t9( 7a(
4' 5&(  '&®$o(+/<+u(  &$!(+/"t(:(/o(j4' 5&(°a9("E&9$ '&a$o(/u"%(+L$­$!(!(/ 59&
B
360 /.C./. & #@$ L0*D0a$o #"(/45(/}(/&a$o*<+/+V("!"w&(/¦(1o(c 5!(" 5$1  9Y(1¦(//0 $!(
4' 5&(* ,"!( '!(\0$o(+/+L("o"t(":$!9 o(;"t$% 7 ((/&9<$o(; =:$!( 7u"%$E$! '(
$o( 7"t$Y9u9  #"!(("%$!(\§Y(: 5&"t$u&a$"=6?0 =  0 C. . . %= -+ $  0 o(
4#"%9 5&7"%$u&$u"Y:(/&$!(*+/+L("o"Y!( '!("45 5&(P  (1!(0-  #"Y$o(E&;(1¨9wA9<"
 '&*B
3 0 /././. & #  $ L0*D*Y( '&a$o(/<(1 - #":$!7"$o(&;(1:9 <+/+V("!"%("E$
4' 5&( 67(/P;u"%$/ 5 C$!(/­$!("t( +L9<&7"%(+L$o 5¦(J<+1+L("!"%("L07$!(/!(J #"­j6®&$! '4$! '(
= !)  :(/&$o #"Y4' 5&(E ,": 5&!(LC(1!(/&7+V(j;j$o(J<+/+L("!"$  
w#
7 # J3  7B! &)(  3(GB3I*& 
8( " E9 E( .<3 3FCF %,C, E$#4!  !&%%
,3 ".  3+. 3( 3FCF %,C,@#21S. 85  I#RFCFNL %,@& 1 E '&NL & %, 3J!# %B>#21( 3(GB.  5  
N&)#L+,
3FCF 7,C,>#21BE !3 ,>3)  73B J&)(*Q,+-% .  >#+.  "3FCF %,C,7,J! &%% H >#21". C5 6$ Q
 &9Y(1645(0<$!(P<+1+L("!"%("¨$o9$!(­Y9u3 0o(E9$%6( $E&¥$o9"%(E$!9A9<
L3*$  0 9§$t67(/ ¤"t(/(7!( $ 
Y( 5!(+L$¥667(+/+.(7"$o(<¦<&a$(j9­"t '64' #+L N$% C9E$!("t(u+u
9A&«<!("o"LAY(/!(* ,"Y9<&4'ª9&(*45 '&(*$!9+u(+u-j '&ª$o(J+/<+u(*$!9-&9 :(1$!(/
$o(45 5&(7" ;7(/(/&¬77"%(;a&9<$o(/J<+/+V("!"E9<*&9$/  $P7<"*&(/¦(/o$!(/4'("!":$!(
$C
C9454'9: '&a:;<+u- $!7$/0Y N­$%Y9a  \(1!(/&$<+/+V("!"%("!( '!(45$!(1!&7$! 5¦(145$!(
"o(*4' 5&(*93$!( +/<+u(0$o(/&(<+uªA9<<+/+L("!"t(¥: '$! '&$o(4' 5&(*: 54'4+/7"t(
} #"!"V)9(/64'(0$-(0  $1 # )0$%Y9*(/45(1(/&$uoE(/}9<!P!(/ 59<&"&7
 &7$!(EC9<4'459: 5&"t((/&7+V(E93<+/+V("!"%(" C9<­a '!(+L$o¥667(+1<+u(87
$! '(  $   ) -   1 ¢ $/ $!$ $ $&
<+/+V("!"  ;  ;  ;  ;  ;  ;  ;
+/<+u(*ao("!" )  - )  -   1  ¢ 1 ) 
@  §9<   '$* @ @  @ @ @ @ @ @   @ @ 
5:$$! '(=  -<0<$o(Y4' 5&()E9)A9<" #"<+1+L("!"%( ; §&;a*$$o 5(= )>
&7$A(<+u9$o("%(E 5&7"%$u&a$"L0a$o(E9:&(/:9$!(P45 5&(E45$!(1!&7$!(";(1$tA(/(/&&7
­(/&$u 54' 5& #"o":$­(<+uA9<<+1+L("!"%(\  $o(+1<+u(* #"­<"!"%9+L #$! '¦(&ª$!(
"%(/$­"t '©/(E ,"Y$tA945 '&("L0$%Y9  (/!(1&a$:4' 5&("A+/&;7(*6!("t(/&$Y '&ª$o(J"!(*"t(1$­$:$!(
"o(*$o 5(0"t9$o7$P$!( ;79¦( ,"!"t(":a #"o667(/*Y( "!}( 6(/&9(/&9&+/&
9+1+L* 5&j$%A9ª /"t(1$*<"o"t9+L ,$! '¦(+/<+u(09Y(/¦(/­ 5$P: 5454§!( 5o($o7$*$!!(/(
+/+L("o"t(":+/+L("o":4'$!(/o&7$o 5¦(/4'$!(J"!(J"t(/$10a: ,+. ,"Y9<o(E&4' 5-(/4'
 9$! ,+L(:$!7$Y$o(} #"!"%("$o7$ a #"o667(:o(} #"!"%("9&<+/+V("!"%("w: #+uC9<4'459
& +/+L("o" 5&$!("!}(45 '&(?+/+L("o"t("­9:$%67(  P&7$!$*$!(} #"!"%("­$*$! '(
=B < : #+u!($!( #"o"t(":$E$!((1&a$ou&+L( '&$!(45 5&( )¤<+/+L("!"t(" 9Y$%67(
$ }a9&9<$«a #"o667(¥C9$! ,"¥o(<"%9<& 5E" C9ª$o(¡<+/+L("!"t("L0$o( ,"!"t("o(
9E$%A9$t67(" 7$!( #"o"t("*9P$%a67($<0$!( ,"!"%("E: #+u(/¦(/&$!745459+/+L}$
$o((/&$!&7+V(j '&ª4' 5&( ?$$! 5}(J=  8  5& 9(1645(!­&7 $o( ,"!"t("9
$%67( 0:$!(9<$!(/j} #"!"%("L0w: #+u (/¦(/&$!454'®9+1+L:(/& $o(6!(/¦ 597" A9<
+/+L("o"t(;ª 5¦(/& '&a$o(/!¦4w 5&$!(}"!(45 '&(04,"t9+/4545( 5&$!(/o&74w} #"!"%(" '&
$o(:45 '&()!9°$! ,"679< 5&$9¦ 5(/*0<$o(: 5&  (/!(1&7+L(:;7(/$%Y(/(1&a '!(+L$o¥667(
&7<"o"t9+L ,$! '¦(J+/<+u(" #"Y$!$:$!(  '&a$o(/!&4\} #"!"%("a #"o667( N$!(*&;(1¨9
(145(/(1&a$!+/+L("o"t(": 5&$!( "!(J"t(/$P$E$o("o(*$o 5(E ," 4'("!"Y9E(74$!9$!(
"%(/$­<"o"t9+L ,$o 5¦ 5$%
}a:H~
  &J$!(A67o$! ,+L4#w+1<"t(A:(/o(Y$!(:45(/&$!J97$o(Y(/4'(/(/&$u!P<+/+V("!"%("  ," 4'("!"
$!7& 

 ?07 ?[(:$!7$E(/¦(/o(/45(1(/&$uo+/+L("o" o( 5o($­9"t$­9<&(4' 5&(
9:(<+u"t(1$  '&&"!"t9+V #$o 5¦(}+/<+u(0$*9"t$+/+L("o"t("*+/&;(6o("t(/&$
 5& $o("o(}"t(1$/Y7" &9 ,"!"E9+/+LJ 5& $o #"J"t(/$ <"*459<&<" $o(/o(o(
45("o"$!7&  <+/+V("!"%("  '& $o("t(/$1  (/&7+V(ª '&$! ,"j+/"t(0A$!( 5&a($!9
<"!"%9+L #$! '¦a '$t} #"Y679"% 5$! '¦(0a '&7+Lo(<"% 5&J: 5$!«<"o"t9+L ,$! '¦a '$%
$!$
; ¥Y(ªC945459: '& "% 5645((/}645("t9­"$!7$<"o"t9+L ,$! '¦a '$%+/& 0  '& "%9<(
+/<"%("L0­a(+V!("t($o(67(/%C9<o&7+V("9J$!(+/+.( -( ¤<"o"t9+L ,$o 5¦(
+/<+u(­: 5$! )4' 5&("39 )A9<u"¨9§"% 5©/(/$<Y(E!(/64#<+V(/(/&$679<45 ,+L #" 8,
$! 5}(  $   ) -   1
<+/+L("!"  ; +  ; +  ; +
 '&(/9! <ao("!"  $/ 1  $/ 1  $/ 1
a 5o(+L$Y¥667( @ @ @ @ @  @ @ 
$tA9<¤<"o"t9+L ,$! '¦( @ @ @ @ @ @ @ @ @
Y(E #(E #"¨$o7$A  9<o($o7&(145(/(1&a$!* '&a$o(/!¦4,"!(P667( 5&$!(
"!}("t(/$10\ #"o"t("­9+/+LE '&®$o(¤<"o"t9+L ,$o 5¦(}+/<+u(0$*(<+u(/&$!u&7+L( '&
j45 '&( C$!9"t '645 NC0a4'(/$­7"E<"o"t}($!7$E$!((145(/(1&a$!!(1< 59&7")  7/¦(
$!("!(45(/&<$!   & ® 5!(+L$!C66( +/<+u(0$!(ª(145(/(1&a$!+/+L("o"t("
<"!"%9+L #$!(o("t645 5$ '&$!(«a  (/o(/&a$4' 5&(" 9$!(«"t(/$10Y+/7"t '&6(1!767"
&9 ,"!"t("L0aC9<P(/64'(E 9&( #":!(c '! '&45 5&(&7454$!(9<$o(/"Eo(
!( 5o 5&J9<&(J9§$!(*9$!(/­45 '&("V
("t6 5$!(P$! ,"Y(/64'( ,":"t9<}(/:7$ o$! +L #4?0a '$­"t9­":9Y(/¦(1¨$o7$­9<&(
+/&&9<$E(/67(+L$Pj!(14#$o 59&;7(/$%Y(/(1& 5!(+L$¥667(&7"!"t9+V #$o 5¦(J¦<45 ,
C9<­&- 5&79§6!9<u ( : '454 "t(/(E$o7$: '&9<:9(/4?0$!( } #"!"u$! 59
C9<­a '!(+L$:¥667(j ,":4':/"Y!($!(/­$!&C9<P $%A9<C:/a¤<"o"t9+L ,$o 5¦(
(*: 5454"!"%(*$!7$$o( )  y"Y¦(Ja(/&7"% 5$%jC&+L$! '9<& YY(0.$o<+1+L("!"
o( 5o("Y45 '&(  $­ 5&7"%$u&$u":+V9<&7"% #"t$o 5& 5&"%(c(/&7+L(*9§;"t$"LAY(&;(1
9A<+1+L("!"%("Y67(/:;"t$P+L9<&a 5$o 59<&(9<&$o(E¤<+L$:$o7$­$!( .C$!«<+/+L("!"Y!(c '!(" 
 ,"-  Y(*u&7a9<±¦o #;45( J)  -  A7<":a(/&"t 5$%C&7+L$o 59&(/&9<$o(
w#
7    9J&?,C, 73+.P&)#O3+.".P&)9 >= BL  .P#3FCF %,C,%, #21 . 85 )  $  &?,
.   (GL 9JH I#21 9J&?,C,%, #21I. 85  L 5 .P#.<&)9 6= B& 
N&)B7BOH .  .P#+.<3)(GL 9JH I#21
9 89J#   D1 E(GF %,4LN5.P#J.<&)9 0=RQ   K,E.<3+.P&)#( 3  J9J&?,C,%3+.<&)#J&?,A.    &)9J&D.;#21A.  
9J&?,C, %3+.<&)#-3+..P&)9 K=>!  8(-=". E( B ,J.<#I&)( (G&D.  3(GBI&?, BE(G#+. 7B H * 
 Q
( u"t$;7(/ 5&; $o(:+1<"t(:9 Ea 5o(+L$66(+/+.(0A(­<"!"%(A$!7$w$!(:A9<
 ,"w$!(E& 5$94'(/&$! (E"!"%(­$!7$     C9	> ! ¤0c ¤r( )     
C9­&*. (*: 54'4a(/&9<$!( 
   } 5& B  CD
$ 
 *E~1	
C7   J,E.<3+.P&)#( 3   9J&?,C, %3+. * #21 3-5 %#C* %39 #21  E9 E( .P3 
3FCF 7,C,%,@&)( 3B& 7FE.9J3 55 7BFC3F  S#21K,& ! &D.   &)(  ,& ;FC3(IH  B7FC#9 5G# ,7B
&)( .P#   !  !&D. 
    /
	 $- $H $H 	    $  $ 
  7-     #   !   #-8  $ 
!    &?,J.  J9J&?,C, %3+. 1# 6.   3FCF %,C,%,#21 .  ( %,E.K!# 7B , &)( 3  &)(  #21.  
FC3F   # 3(GB
  "  /#	  $  $-   #-$ %  $ D$H  /
	   =$  $	
 -   -8    !   8
!     &?,S.  @9J&?,C, %3+.  1#  .  @3FCF %,C,%,4!  &)F  1#)% #! 3( 3FCF %,C,"&)(I.  K,39 
 &)(  #     &?,.   BE( ,&D. #21I.  J,&I#21 3(  E9 E( .<3  * &)#( #"3( B   #- &?,
.  K5 %#HC3H&% &D.  BE( ,&D. I#214 )  -  4#( 8E£  A  B%( 7B H  / 	&  #-   #-8 
    	       	
  $  .
  . $ & #. G   
    .  $ &  #  ' 


   	         
  
    .  $ &  #  .*$    . $ &  #+ (  . * C

D(/(*$!(/5667(/&a 5*)
}a:H~
E"t7454'E$!(­(/&7"t '$%E9$!(Y45(1&<$o9$o(Y(/4'(/(/&$u!­+/+L("o"t("     : 54'4;7(
+L9<&7+V(/&a$ou$!(!9<&7*"t454&;7(/9¦4'(", $C ¯ 0 ) ¯ 0  #- ¯ 0 ././.*  
Y(­+L9&7"t ,a(/$! ,"&aj;7(/9 <a!("o"t("2 "w$!(:67u(/$!(1/0$!(­+L964'(/a
 5$%j9C9!4#"  $ A&  8 #"Yo("t67(+L$o 5¦(/4'   &7  (/&7+L(P&a}(/! ,+/4
!("%45$"!(¤ 5!4'®(<"t¡$!99<;$u '& ?"t(1( D(+L$! '9<& -8u  &$!(  8 @ 9a(/4¤0
C9<:*6!9< : 5$!    (/!(1&a$A<a!("o"t("V0a$o(E ,"!"$! '9"!"t9+V #$o(j7"
 +L9<}645(/ 5$%9J$4'(<"%$j9J$!(9<u(/,+ - &7  ,"j$!7"c '$!(a 0=+L45$
$!9(/! '¦( 5& 6<+L$o #+L(¤"t(/(  .£+u  &"%(+L$! '9<& -a0w7"% 5&$!("t(C9<!4,<"L0A(
: 5454 "t$o7a$o(*;(17/¦a '9<:9¨j+/+.(*+. '$!(+V$!o(E: 5$oª$o(*459+/45 '$t9§$!(
6!9<u    A<"­ 67u(/$!(1/
$
;   (/&$!(P45 5&(*"t '©/(E #"A"t454 +L9<6!( $o9$!(J+/+.("t 5©1(0$!(J+L9&a$o 5&9<7"
&7459<(9$!(;79¦(EC9!4#"Y+/&ª;7(*C9<&7 5&¡ r¢/£¤
 & $o(+1<"t(9 & "!"%9+L #$! 5¦(+1<+u(0wC9<"% 564' #+L '$?Y("!"%($!7$$!(
o(/64,<+L(/}(/&a$679<4' #+L ," 8, &$!7$       C9< >     ?r(H)+2  

C9­&*. *E~1	
C7     A,E.<3+.<&)#(G3  J9J&?,C, %3+.<&)#  #21>3"5 %#C* %39M#21 "  " E9 E(
.<3 63FCF 7,C,%,"&)( 3 3 ,C,#RFN&)3+.<& 
SFC3F  @#21,&  !&D.   &)( %,4#21K,&<3(GBJ!# %B ,
#21>,&	
 FC3(OH B7FC#9 5 # ,7BI&)(     !     &?,J.  9J&?,C, %3+.<&)# BLJ.<#
.  >3FCF %,C,%,>.<#-.    /,E. !# %B&)(3* &)( J#21".  >FC3F  S*& 
E( H 
     /    #-

/  $H  
 
  *7
" $
$          $	
  /      #$       
    
3( B   &?,I.   9J&?,C,73+.P&)#BL.P#.  I3FCF 7,C,%, !  &)F  1#)% #!:3( 3FCF %,C, &)( .  
,39  &)( S*& 
E(OH 
     /   $ 

/    #-8    $H  
 
  *7
" $
 $   /        $ 
 /    #-$         
  ')>
!   &?,4.  >BE(,&D.  1L (GF .<&)#(O#214J)  -  >B%( 7B H  / 	&  #-   #-8 
    	       	
  $  .
  . $ & #. G   
    .  $ &  #  ' 

+ 
   	        
   
     . $ &  #  .=$    . $ &  #+ ( 
3( B .    
  $7   D'#J!  &)F  BP5 E( B 3) ,# #( " 3(GB  # 3  *& 
E( H  .  
 7FNL /,&)#(A1#  9JL  3
$)
   $1    $H
   
  
  7"  = 1$        2.  - * C

D(/(*$!(/5667(/&a 5*)
}a:H~
¥23o9<679"% 5$o 59<& )+/&;7("t(/(1& ""t67(+L ,4­+/"t(9*2wo9<679"% 5$! '9<& - :(1& 
 #":(c4$!92$ C$!( +L9(*=¥+L 5(/&$u"B  
  
 M  a9&9<$E64#/&!945( '&$!( a 5o(+L$
667(+/"t(#
; ¥Y(­<"o"t6$! 59&9<&$o(­a(/&7"% 5$%  +/&;(:o(/9¦(\0/$o(:(/$o9 $o9Ja(/! '¦(
&(/a6!("o"t 59& C9$!(­ #"o"u$! '99("¨&9$A+.7&<(0c;$$!(/& 0c$o(­ 5&7"%$u&$u"
:(/&$!(!.$o(/45(1(/&$uoE+/+L("o" o( 5o(" 4' 5&(   '&7a7+V(:67(/o 59a ,+:"t$!o7+L
$!o( : '$!;"t$" : ,+.} #"Y9!(*+L964' #+/$!(\
   
 &$o #"E"%(+L$o 59<&A("t$o7a$!( 5&a¬7(/&7+L(J9:$o( 5&u+u 5$o(+L$ou467u(/$!(1u"
9& $!( #"o"Eu$o 59 7 4' 5&("% 5©/(0w+/+.(}"t '©/(}&7<"o"t9+L ,$o 5¦ 5$%®(: 54'4Y+V9<67!(
9!("%45$"9<& (/67(/&7a(/&+L(9<& +1<+u("t 5©1(0w9<&9<6$o 54:45 5&("t '©/(09<& +u7&<("
(*$!9}<"!"%9+L #$! '¦a '$t$!9$!(E6!(1¦a '9<7"Y9&("L09;$u 5&(ª 5&$o(*45 5$o(/u$!o(E;j$ou<+V(
! 5¦(1&"t 'j4,$o 59<&"L  (/o(0aA( ¦(&a '$! 59&746u(/$o(/¨C9$o(*6!9<u7
$o(*459+/45 '$tY #":4#"t$­67(/$o(/Y <"&9<$­ 5&$!!97+L( 5&$o(6o(/¦ 59<":"t$!a 5("
:(/!($!($ou+L("*+L9<o!("%679<&7"*$!9;7(/&7+u!-": #+uo(j¦! 597" } 5$!o(" 9
6!9<u":<"o"t(¥$o9j;7(*!(16!("%(/&$u$o 5¦(­9A454$!(*6o9<<":7"%(\
 &$o(E664' #+/$! 59&7"¨9§2w!9<679"t 5$o 59&7") &7 -Y(­$!99<-}$!o(/((1645(" C9<  \0
+V9<!o("t679&7a 5&$!9$!(6o9<<"($0 &7 a0: '$!¡& 5&7+V!("t 5&ª4'9+/4' 5$%0&7
$o(­&a;7(/w9(/45(/}(/&a$o+/+L("o"t("2# (74$o9 $/9< #  ¯ (/459 $o(P"t 5©1((/&$!o
o(LC(/"Y$!9$!( 4'(/&$! '&ªA9<" A9$o(*(/45(1(/&$u!o(/< '9<&7"Y9$!(*6o9<u27
6o9<u $ "t 5©1( $  1  )
6!969!$o 59<& -8$/ - $/   1 $ 1
6o9<u  "t 5©1( $   $C  $/
6!969!$o 59<&  $/  $C a $/ .) a $
$-
6o9<u  "t 5©1( $/  #-
6!969!$o 59<& $ " -	
 
	 !#"
­("t6 '$!(9$o( 5}69!$&7+L(9$!(45 5&("% 5©/( '& $o(+. '$!(+V$!o(ª9 +1<+u(0
$o(J&745$! ,+(1a6o("!"% 59&7"Y9$o(* #"o"¨$! '9j '&7+L4'7a 5&$! ,"Y67(/$o(/:!( c '$!(
o(j '&$!(45 '$!$!(1u$o!(  &  %$/£?0&(/6 5! ,+/4\C&7+L$! '9<&7" ;7(/(/&6!9<679"t( $!9
("t$! '$o($o(* 5&a¬(/&7+L(­9345 5&(E"% 5©/(E9&$o(* #"o"3$o 595P"Y$!(J$!9(1&a$o 59<&"
 '$/0\ '$ ,"&9$ %"t$! 7(;a«&$!(/9<o0\;$P 5$*"%(/(/"Y$o9$E!("t9&7;4'A(/454: 5$o
"%9<($a
¥Y(*9<6$o 54\45 '&(*"% 5©/(
Y(/!(: ,"&9<6$o 54a4' 5&(­"% 5©/(0: #+u+L9<o!("%679<&7"$!9*$!( '& 5 9$!(
 #"o" $! '90"* C&7+L$o 59&9A$!(4' 5&( "t '©/(  \(1!(/&$6u(/$o(/u"­+.&(
$! ,"Y9<6$o 54\¦4'( 7
$ Y(96$! '445 '&(}"t 5©1(j ," !(14#$o 5¦(/4' 5&¦<! ,&$/0w45$o9< 5&7+Lo(<"% 5&
: 5$o+/+.(J"% 5©/( )9(1645(  7!(  u0C9<P< 5¦(1&ª4'9+/4' 5$%C6!9
< 0¨$o(9<6$o 54¨4' 5&(¥"t 5©1(¦! '(" C!9 1Y9u"C9<a '!(+L$o
66(+/+.(J9)" ¯ $!9$CjY9u" C9E}a 5o(+L$!C667(+/<+u(9
 #- " ¯ 
1 2 4 8 16 32 words
block size
0.2
0.3
0.4
0.5
0.6
0.7
0.8
Cache size 4KB 
1 2 4 8 16 32 words
block size
0.05
0.1
0.15
0.2
0.25
Cache size 32KB 
$C
1 2 4 8 16 32 words
block size
0.01
0.015
0.02
0.025
0.03
0.035
0.04 Cache size 256KB 
	:+: $ 
  5 .<&)9J3) H  #RF8$,& 1# A.  >9J&?,C, %3+.<&)#I#21>3IB&  7F .
9J3 55 7BFC3F  
$ Y(9<6$o 54<4' 5&("% 5©/(§ #""t4' 5a$o45­ 5&7+Lo(<"% 5&A: 5$o"%67$o #4a4'9+/4' 5$%)9<
(/64'(6 7<o(B0cC9<3a '!(+L$667(+/<+u(:9 )8" ¯ 0<$o(:9<6$! 5¥4
45 '&("t 5©1(ª¦! 5(" C!9<  Y9u"C6!9< $ J$!9 1Y9u"6!9<u
*)o9< $!u+L(/¤a! '¦(/&"t 'j4,$o 59<&"L0 5$P7<";7(/(1&9<;7"%(/!¦($!7$E$!(
9<6$o 5445 5&("t 5©1(j ," !(14#$o 5¦(/4' 5&¦<! ,&$ : '$! $o(}"t(/$J9­6o9<<"
+.9"t(1&  A(4599- $}9<(/645("V0¨$o #"j6(/&9(/&9&  #"}c '$!(
66!(1&a$1)9(/64'(0 5&6o9<< a09"t$9E$o(<+/+V("!"%("o(
 #- Y9u"4'9<&0E;$$!(96$! '4P45 5&("t '©/( #"&(1¦(/!$o(/45("!"c '$!(
"t454 71Y9u"V
$
1 2 4 8 16 32 words
block size
0.05
0.1
0.15
0.2
0.25
0.3
0.35
Cache size 4KB, program 1
1 2 4 8 16 32 words
block size
0.2
0.3
0.4
0.5
0.6
0.7
0.8
Cache size 4KB, program 3 
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   a = 4
   a = 2
   a = 1
1 2 4 8 16 32
words
block size
0
0.1
0.2
0.3
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program 2, cache size 16KB
   a = 4
   a = 2
   a = 1
1 2 4 8 16 32 words
block size
0.2
0.4
0.6
0.8
program 3, cache size 32KB
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